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ABSTRACT 
 
 
With new construction on highways and airports, temporary markings are often required to 
reroute traffic and maintain a level of efficiency while certain lanes and runways are out of service. While 
striping has become relatively straightforward and quick, its eventual removal is inherently more 
complex. Removal processes leave behind visible evidence, or scars, of the old markings in the form of 
color and surface texture changes, leading to concern about misinterpretation by pilots and ground vehicle 
operators. A literature review of several available paint removal techniques as well as previous research 
into their respective effectiveness was conducted. The viability of using clear coat sublayers as a means of 
protecting the concrete from waterblasting was also investigated. Scanning electron microscopy was 
employed to view the interface between paint and concrete both with and without the sublayers. The 
investigation found that a rough, brushed surface provides for easier removal of markings, including when 
the sublayer system was used. It was found that a low viscosity urethane provided good resistance against 
scarring due to increased penetration of the adhesive, indicating potential for the idea. Furthermore, the 
use of multiple sublayers proved ineffective at improving the scarring resistance of concrete. 
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1. INTRODUCTION 
 
Cities are often looking to improve their airports to keep up with increased demands for safety, 
flights, and efficiency. Some are expanding their territory to make way for new runways and taxiways, 
others changing their traffic patterns, while still others are repairing their current area for maintenance, for 
example due to deterioration of the paint caused by aging. Eventually, these processes will require paint 
removal techniques. While striping has become relatively straightforward and quick, its eventual removal 
is inherently more complex.  
Pavement markings are essential for safe and efficient airport traffic control. As traffic patterns 
change, there is a need to remove old markings. This seemingly simple task proves to be more difficult 
than apparent since removal processes leave behind visible evidence of the old markings in the form of 
color and surface texture changes, leading to concern about misinterpretation by pilots and ground vehicle 
operators. 
 The application of black paint to cover old markings has been used in the past to resolve this 
problem. However, it has noticeably become more of a hindrance than a solution as it can continue to be 
misinterpreted as a stripe, especially during the nighttime and in wet conditions. According to the FCC 
AC 150/5340-1J Section 3.d., “[p]ainting over the old markings merely preserves the old marking, will 
require additional maintenance, and in certain conditions, can be misleading to pilots.” Therefore, other 
methods must be used. These consist of physical processes, such as grinding and abrasive blasting, or a 
combination of physical with chemical. The best selection is dependent upon budget constraints, desired 
degree of removal, and surface conditions.  
Over the years, several methods have been developed to remove paint markings, and newer 
technologies continue to come into practice. Grinding, shotblasting, waterblasting, sandblasting, and 
chemical solvent application, among others, have all been employed to eliminate traffic stripes. Emerging 
techniques include laser removal, enzymatic biostripping, and dry ice blasting. Though the 
aforementioned processes will remove most paint on asphalt and/or concrete surfaces, there is no 
guarantee that any method will be without flaw. One must be aware of the different variables that are 
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involved when eliminating airfield markings. These include the experience and quality of the machine’s 
operator, the nature of the marking (for example, the type of paint and its thickness), and the condition of 
the surface upon which the work is done. Furthermore, most removal techniques will leave some scarring 
behind, at least initially. It is critical that these factors be understood before any project commences.   
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2. LITERATURE REVIEW 
 
2.1. The Nature of Adhesive Bonding 
 
There are several mechanisms that can describe how paint might adhere. Unfortunately, there is 
no one unifying theory to explain adhesive bonds. The several theories include [1]: 
• Mechanical interlocking – paint affixes itself into porous and roughened surfaces, thereby 
increasing surface contact area, which in turn increases bonding sites. These occur when the 
adherend is impermeable to the adhesive. 
• Adsorption and surface reaction – paint forms chemical bonds between interfaces, whether strong 
chemical bonds or weaker van der Waals bonds.  
• Electrostatic – an electropositive material donates charge to an electronegative one, bringing the 
two materials together due to Coulombic forces. This theory assumes that the electrons in the 
adhesive and adherend occupy different energy levels and electron transfer occurs at the interface, 
causing attraction.  
• Diffusion – when two materials are brought in contact with one another and are soluble in one 
another, they form a solution with no true interface, but rather an interphase where there is a 
gradual change of one material’s properties into the other’s. This mechanism is applicable to 
polymeric coatings on polymeric substrates, providing that the substrate is permeable to the 
coating. This theory is supported by the role that viscosity, temperature, and polymer type play in 
determining joint strength.  
Due to the nature of the project, one generally is concerned with the first two of these mechanisms when 
discussing airfield markings and paint removal.  
The discussion of these adhesion mechanisms in this fashion suffices for academic purposes in 
describing how one thing may attach to another, but in practical terms, the relationships are more complex 
since there are other factors that will affect the quality of bond between two substrates. A “real” bonding 
situation may appear similar to that in figure 2.1 if examined closely [2]. For an adhesive with a finite 
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viscosity placed onto a porous substrate, such as those used in marking materials on airfield surfaces, the 
pore penetration will likely be incomplete thereby creating small voids between the adhesive and 
adherend. Without proper surface preparation (and sometimes even with good preparation), contaminants 
may be present. This may also weaken the bonding strength below the anticipated value.  
 
 
Figure 2.1. Model of a Practical Paint-Porous Substrate Interface (from [1]) 
  
There are multiple factors that affect the quality of the bond between concrete and adhesive. 
Higher concrete strength, especially at the surface, will influence the bonding strength between the two 
materials. This implies that water-cement ratio should be considered in evaluating the adhesion 
effectiveness, with lower w/c typically having higher bonding strength [3]. The presence of moisture in 
the concrete pores and surface as well as contaminant presence on the surface will adversely impact the 
adhesion of the marking material. They provide barriers to bonding sites and can be weak links where 
initial separation may occur. The finishing, surface texture, and grooving impact the bond as well. The 
properties of the coating material will also influence the quality of adhesion. Properties that must be 
considered include its wettability (i.e. the contact angle between the liquid polymer coating and the 
substrate), its rheology (i.e. its ability to flow), and its hardness and strength. There are many factors that 
can be considered if one were to attempt to influence the bond between marking materials and their 
substrates.  
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 To remove markings, a failure must occur somewhere in the system. Generally, there are three 
different failure types that can be differentiated based on examination of the failure site, as illustrated in 
Figure 2.2. [4] The first is adhesion failure in which the crack propagates along the barrier between the 
polymer coating and the concrete surface. This is the desired outcome for optimal paint removal with no 
scarring. The second failure mechanism occurs through cohesive failure in the concrete. The crack 
proliferates through the concrete itself. This mechanism is the one that manifests itself in the scarring of 
the surfaces. Finally, there is cohesive failure in the polymer when using it as an adhesive to bond 
materials. The crack travels through the polymer, leaving both concrete surfaces with patches of adhesive. 
This type of failure is likely due to improper application, stress variations during curing, etc.  
 
Figure 2.2. Types of bonding failure (from [4]) 
2.2. Paint Removal Techniques 
 
Paint markings are not permanent and often are not designed to be. Temporary markings are 
regularly placed to provide guidance to drivers and/or pilots during construction. Once a project is 
complete, they require removal with minimal impact to the surface upon which they were painted. This 
leads to the development of a multitude of technologies to address the issue, each with its own advantages 
and limitations. Whether through abrasion stripping, thermal stripping, biodegradation, solvents, or other 
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method, nondestructive paint marking removal has always been a difficult task to accomplish. Several of 
the methods that are or have been employed in the past 
are described below.  
Grinding is generally regarded as the cheapest 
and easiest process to use. It has been used at airports for 
many years. However, it leaves the most scarring when 
applied to either bituminous or Portland cement concrete 
(PCC) as grinding essentially is a scarifying technique. 
Scarifiers often carry six or seven drums, each with 
multiple cutters that rotate to grind a surface layer of the pavement in question. Some find that it is also a 
quite slow process and generates a lot of dust residue, thereby requiring a thorough cleaning prior to 
painting or else the paint may not adhere properly.  
Sandblasting is another common alternative to paint removal. Sandblasting is likely the least 
destructive process since it is done by hand and can manually be controlled by an operator. The operator 
can use the pressurized sandblast to erase the paint from surface and concentrate the flow on difficult 
areas without affecting surrounding surfaces. Unfortunately, this process is exceptionally slow and 
operators must wear protective gear to avoid injuries from ricocheting sand and/or inhalation of silica. 
Furthermore, considerable cleanup is often required.  
Shotblasting fires small steel pellets at the surface and their impact will remove materials that 
have adhered to the surface, including paint. Because of the nature of the pellets, this process is generally 
not used for paint removal on asphalt, especially asphalt that has aged more than five years. This is due to 
the fact that the binder in asphalt wears away with time which reduces its strength. However, shotblasting 
may be suitable for concrete pavements. Shotblasting equipment consists of a machine that creates a 
vacuum to reclaim the steel pellets and any debris formed during removal. Therefore, this process is 
typically used on non-grooved surfaces to maintain the vacuum. Shotblasting is often employed by state 
DOTs when retexturing road surfaces. The process is not recommended in wet conditions.  
Figure 2.3. Operator with grinder 
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Water-blasting (or hydroblasting) uses 
highly pressurized water to remove the coating 
with pressures that can range between 3000 psi 
and 40,000 psi. Though the process is 
probably the most expensive of the abrasive 
techniques on a per square foot basis, there are 
several benefits over the other methods. These 
include the speed of operation, the 
environment impact or lack thereof, and ease 
of application. This reduces the downtime of the runways. Waterblasting also produces some of the 
lowest pavement damage and does not create the dust residue typical of the other abrasive methods. 
However, one must be cautious when using this method on asphalt surfaces because heavy water volume 
may act hydraulically within asphalt cracks and expand the openings and expose more aggregate. That 
stated, this method is effective on both asphalt and concrete surfaces.  
Chemicals soften the paint prior to subsequent removal techniques. This allows for paint removal 
at lower pressures, thereby preventing further deterioration from high stress abrasion techniques. The 
main concern with these chemicals is the level of toxicity within them, and precautions must be taken to 
promote worker safety as well as environmental friendliness. Moreover, their application is expensive due 
to costs of material, labor, time, and disposal. Chemicals require a thorough cleaning after use as they 
may accelerate the degradation of tires.  A major reason airports may be favorable towards chemical 
usage in marking removal is convenience in that its application can be done with in-house equipment and 
personnel.  
Laser removal involves a rapid succession of short, intense, laser pulses create destructive shock 
waves that break bonds associated with paint. [5] When the laser hits the surface of the paint, the energy 
is converted into heat and sound waves. The sound waves travel through the paint layer, strike the 
Figure 2.4. Waterblaster removing marking 
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substrate, and rebound. When the waves 
constructively interfere with other incoming 
waves, they produce a pressure such that the 
paint will flake off. This process produces a 
tensile failure in the paint rather than 
chemically burning them. This is beneficial 
since the burning at temperatures above 100°C 
will release noxious gases and cause the paint to no longer be brittle. Furthermore, laser removal removes 
the paint while the underlying surface remains undamaged. The process leaves behind only a powdery 
paint residue that can be vacuumed up as part of the removal process. An additional benefit is that the 
laser creates a loud, snapping sound as the paint is chipped off, so that the operator of the machine will 
know when the surface is clean and the paint can be removed efficiently even when the area is hidden 
from view. The process is slower than traditional removal methods such as abrasive blasting, but again, it 
does not damage the substrate. 
Studies by Bernold et al. in South Korea have investigated the use of dry ice as a means of 
effective and environmentally friendly paint removal. [6] Using solid carbon dioxide stored at 
temperatures below -78°C in thermally isolated and pressurized containers, small CO2 pellets are shot at 
the paint surface. The impact force coupled with the rapid heat transfer between the solid pellet and paint 
surface causes what has been termed a “micro-explosion” near the surface. This coupling causes freeze 
cracking (“fracking”) of the paint layer, while the volume expansion associated with sublimation of the 
CO2 enhances the delamination process. This process is demonstrated in figure 2.6.  
 
Figure 2.5. Laser removal on historic building 
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Figure 2.6. Mechanism for marking removal using dry ice (from [6]) 
Another emerging process is enzymatic biostripping, though it is still in very early stages of 
development. Microbial enzymes are applied to the paint, and they consume the waste polyurethane-
based paint chips generated by the other stripping processes. However, the process is very slow. Adding 
biodegradable elements like cellulose and elastin to the paint may also improve the removal process, 
though it could potentially decrease the lifespan of the marking and become the cause for more required 
striping [7]. 
2.3. Previous Research into Paint Removal 
 
In 2008, the Innovative Pavement Research Foundation (IPRF) sponsored the development of a 
pavement marking handbook that described surface preparation, application of markings, and removal of 
traffic stripes used on airfields. [8] The authors of the handbook compiled a list of some of the different 
equipment used to remove paint and the substrates on which they are adhered. Selection of the proper 
equipment is critical towards ensuring a good removal with minimal scarring. Table 2.1 provides this list 
of removal methods to present which techniques can likely be used with minimal damage to the substrate. 
It must be kept in mind that the skill and experience of the operator should be evaluated, as this will 
dramatically influence the final result. It is not recommended that grinding and shotblasting be used on 
grooved surfaces due to the potential erosion of these grooves. It can also be seen that waterblasting on 
aged asphalt surfaces and sealcoats be used in combination with grinding to minimize damage from the 
hydraulic pressures.  
10 
 
Table 2.1. Applicability of Paint Removal Equipment on various substrates (from [8])
 
 Roadway Delineation Practices Handbook, a manual developed for the Federal Highway 
Administration (FHWA) in 1994, summarized the effectiveness of different removal methods on various 
forms of marking materials. [9] This is summarized in table 2.2. It can be seen that paints and epoxies are 
usually the easiest markings to remove while plastic tapes and foil tapes are more difficult in their 
removal. Note that the table is not as sensitive to the scarring issues except during the grinding process. 
However, one may realize, as shown in figure 2.7., that scarring is still an issue with other techniques 
including shot blasting and hydroblasting which can be seen on the right.  
Table 2.2. Applicability of common removal techniques on various marking materials (from [9]) 
 
 Table 2.3 describes the problems associated with common removal techniques that have been 
used in the past. Scarring, as mentioned before, is produced by most of the methods that are currently 
used.  Figure 2.7 depicts several pavements that have undergone paint removal and the consequential 
scarring. Other common issues include the temperature sensitivity techniques like water blasting or 
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chemical usage and the potential for durability issues, both in future paint application if desired and in the 
substrate itself. According to Ellis et. al, using ultra high pressure with low volume water was the best 
removal method. However, as seen in the table, it is not without its drawbacks [10].  
 
Table 2.3. Disadvantages to common marking removal processes 
Removal Methods  Physical Problems  
Chemical Application  Chemical damage to pavement; temperature and marking thickness sensitive; 
environmental impact; degradation to tires if not properly cleaned; closure of 
runway until completed  
Grinding  Resulting Scars; dust residue; Poor paint adhesion if not thoroughly cleaned; 
Possible  groove damage; Slow; microcracking of structure leading to 
accelerated aging 
Water Blasting Removes aggregates;  temperature sensitive; groove damage  
Hot Compressed-Air 
Burning 
Scars; pavement/expansion joint damage  
Excess-Oxygen 
Burning  
Scars; marking thickness sensitive  
Hydro Blasting  Scars; Scouring/polishing surface aggregate; temperature sensitive  
Sandblasting  Pavement damage; very slow; leaves residue requiring cleaning; safety hazard 
to operators;  
Motor Grader  Heavy pavement damage  
Black Paint  Wears off fairly quickly; increases reflectivity in wet conditions  
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Figure 2.7. Scarring as a result of several different techniques (from [8]) 
 
Ellis, Ruth, and Carola investigated several removal methods and materials for the Florida 
Department of Transportation (FDOT) [11]. In the study, pavement markings were applied to an asphalt 
concrete surface at Camp Blanding in Starke, Florida. Eight yellow lines were applied with a length of 
100 ft and a width of 6 in. These lines consisted of different materials according to the third column in 
table 2.4.  The markings were removed with three different technologies including waterblasting, 
grinding, and a combination of the two techniques. There are denoted in column four of the same table. 
Evaluation of the removal was based on the removal rate, the degree of removal (scale of 1 to 5 with 5 
equating to total removal), the degree of scarring (measured through surface conditions of color and 
texture changes on a scale of 1 to 5 with 1 representing little change), and the possibility for 
13 
 
misinterpretation due to scarring (scale of 1 to 5 with 1 implying little chance of mistake). The researchers 
found that ultra-high pressure water blasting as the most efficient means of removal the materials with the 
least amount of scarring, while grinding presents the largest likelihood of scarring. The combination of 
the two methods fell somewhere in between.  
 
Table 2.4. FDOT investigation of paint removal (from [11])   
 
 
 
 In the summer of 2001, the Oregon Department of Transportation’s (ODOT) research group 
invited several vendors of stripe removal equipment to demonstrate the capabilities of the vendors’ 
machines. [12] Using a test area consisting of twelve stripes, each 16 m long and 100 mm wide with 
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thicknesses of either 0.375 mm or 0.75 mm, the vendors passed over these markings with a soda blaster 
(baking soda propelled by compressed air), a scarifier, an Edco Line Remover grinder, and a planer. 
Measurements were recorded by observers from ODOT. The results of the testing are presented in table 
2.5. The table shows that the soda blaster results in the complete removal after the first pass with minimal 
scarring, but the process is much slower, up to a factor of about 50. The others had better production 
rates, but generates substantially more scarring. They concluded that no method was superior to the 
others.  
 
Table 2.5. ODOT investigation of potential paint removal techniques (from [12]) 
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3. EXPERIMENTAL PROCEDURE 
 
3.1. Painting and Waterblasting  
 
Concrete prisms were made with dimensions of 21 inch length x 6 inch width x 3 inch height. 
These were made with a water-cement ratio of 0.38 in proportions shown in table 3.1. Note that these 
weights are calculated prior to moisture adjustments. The concrete was then mixed, cast into the mold, 
and textured to the desired finish. For specimens in which a smooth finish was desired, a trowel was 
continually passed across the surface in a slight sawing motion while excess concrete was struck off. This 
was done until the concrete attained an even finish that was level to the edges of the casting mold. For the 
rougher brushed surface, the same procedure was followed with a subsequent passing of a coarse bristle 
brush along the length of the specimen.  
The prisms were removed from the mold after 1 day and allowed to cure at a constant 
temperature of 72±1°F and a relative humidity of 50±2% for a minimum of 3 days. If desired, the prisms 
were then grooved with a width and depth of ¼ inch and a center to center spacing of 1 ½ inches. From 
there, the first layer was painted on the specimen. The materials that were used on the prisms are listed in 
table 3.2 and the specific materials used on each beam are shown in Appendix 1. Each beam consisted of 
three markings painted using a roller along the transverse direction similar to figure 3.1. Note that the 6 
inch space is for the clear coat, and the paint coat would be limited to a 4 inch width with 1 inch of clear 
coat on each side. Using a Hotsy power washer (figure 3.2) with a pressure of 2000 psi and a flow rate of 
3 GPM as claimed by the manufacturer, the 15° fan spray was used at an angle of 15° from vertical to 
remove the white paint layer. With these parameters, the velocity of the water leaving the nozzle travelled 
upward of 300 feet per second. The nozzle was held 1 inch from the surface of the specimen throughout 
the length of the paint removal process for each sample. The duration of the paint removal process 
generally lasted between 10 and 15 seconds, unless the paint would not be removed, such as in the case of 
specimen B2-3. In those circumstances, the duration would last until the paint was removed or 
approximately one minute of waterblasting had passed, whichever came first.  
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Table 3.1. Concrete Mixture Proportions used for Concrete Prisms 
Component Weight (lb/yd3) 
Cement 855.26 
Water 325 
Coarse Aggregate (SSD) 1871.9 
Fine Aggregate (SSD) 895.2 
 
 
 
 
Figure 3.1. Typical beam used prior to waterblasting 
 
 
Figure 3.2. Hotsy Pressure Washer  
 
Table 3.2. Selected materials used in experiments 
Designation Material  
A  Olympic Waterguard Waterproofing Clear Sealant (Polysiloxane)  
B  Cabot Semi-Gloss Polyurethane Spray  
C  Cabot Semi-Gloss Polyurethane Liquid  
D  Cabot Satin Polyurethane Spray  
E  Minwax Clear Gloss Polyurethane Spray  
F  Minwax Clear Gloss Water Based Oil Modified Polyurethane Spray  
G  Minwax Clear Satin Polyurethane Spray 
H  Devcon  5 Minute Epoxy 
R  Roadware Concrete Mender (Urethane) 
P Sherwin Williams Hotline Paint- White 
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3.2. Scanning Electron Microscopy 
 
 The specimens studied in scanning electron microscopy (SEM) were cut into 0.5in x 0.5in x 0.5in 
cubes. These cubes were then epoxy impregnated. The impregnation procedure consisted of placing the 
specimens into a mold with the painted surface perpendicular to the flat bottom portion of the mold. The 
mold was then placed inside a vacuum chamber. The chamber top had an opening in which a plastic tube 
could feed the epoxy, the rate of which was regulated by a valve. The epoxy used was Buehler’s 
EpoxiCure mixed at ratio of 5:1 of resin to hardener. The epoxy was fed from a cup outside the vacuum 
chamber using the tube and left under vacuum for about 2 minutes. The specimen was then taken out and 
allowed to air cure at room temperature for a minimum of 24 hours.  
After the 24 hours, the specimens were removed from the mold and a process of grinding and 
polishing followed. The specimens were mounted into a fixture for a Buehler Ecomet 3 
grinding/polishing machine with an Buehler Automet 2 power head. After adjusting the heights of the 
specimens to ensure that they would remain equally planar, they were loaded into the machine. The 
grinder had a motor speed of 50 rpm and a force of 5 lbs. The specimens were given 1 minute of 
clockwise rotation followed by 1 minute of counter-clockwise rotation. The grinding wheels used in the 
process began with a 320 grit paper, succeeded by 400, 600, P2400, and a P4000 grit paper. After every 
two cycles (one clockwise, one counterclockwise), the specimens were removed and cleaned with a 
glycol mix. Then the specimens were polished on a 9µm lapping film. Finally, the specimens were 
submerged in isopropyl alcohol and placed in an ultrasonic bath for 3 minutes.  
After the polishing step, the specimens were ready for examination using SEM. First, they were 
sputter coated with a 60/40 gold/palladium coating for 35 seconds to provide a conductive surface.  
Figure 3.3 (a) and (b) demonstrate typical specimens that have been epoxy impregnated, with the ones on 
the right having undergone the sputter coat treatment . All SEM work was done at the University of 
Illinois at Urbana-Champaign’s Materials Research Laboratory. A JEOL-JSM 6060LV Low Vacuum 
Scanning Electron Microscope was employed for the studies. The microscope was equipped with a 
tungsten filament and was used in both secondary electron imaging and backscattered electron imaging.  
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(a) 
 
(b) 
Figure 3.3. Typical specimens used for SEM imaging. Specimens on the right have been sputter coated 
with a 60/40 gold/palladium coating layer  
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4. RESULTS AND DISCUSSION 
 
4.1. Painting and Waterblasting 
 
The experiments were set up to evaluate the mechanisms involved in marking removal using 
waterblasting, as this method is cited by several researchers as being the best in terms of producing the 
best combination of minimized scarring and good production rate. Furthermore, the use of clear coat 
underlayers between the paint layer and the substrate was used to determine the effectiveness of such a 
system to act as a barrier and prevent scarring. Several variables were investigated including the 
consequence of grooving and of surface texture, different underlayer materials, and the adjustment of the 
pressure washer features like angle of attack and pressure.  
 Figures 4.1 to 4.13 present photographs of the experiment’s results. Except in the sections that 
compare the effects of grooving and surface texture (i.e. the figures 4.1 and 4.2 ), the images show the 
beam before applying the paint, that is, with only the appropriate clear coat layer/s on the surface, and the 
outcome after waterblasting on the painted surface. For the majority of the specimens, the waterblasting 
was performed on only half of paint width to show the appearance of the paint layer.  
 When grooves were cut into the concrete substrate, there was no change in the degree or rate of 
removal except within the grooves themselves. Within the grooves, the paint remained despite removal on 
the surface. This was true whether the paint rested on pure concrete or a clear coat layer and whether the 
concrete surface was smoothed using a trowel or textured with a brush. Despite a change in angle of 
attack or increased pressure, the paint lodged in this zone refused to separate. It is possible that increasing 
the pressure beyond the level of the Hotsy power washer used may provide the necessary stress for 
removal, though increased scarring and potential damage to the groove edges may then become 
unavoidable. It may also be apparent in these images that using the sealant or polyurethane spray did not 
eliminate the scarring problem.  
 When comparing the results between different concrete finishes, there is a clear distinction 
between a troweled surface and that which was brushed. The brushed surface held a clear advantage in the 
ease with which paint could be removed. When waterblasting the troweled surface, the paint required a 
20 
 
significant increase in the amount of time necessary to remove the paint as compared to the brushed 
surfaces. One can even see that when polyurethane was used as a sublayer on the smooth concrete, the 
paint remained despite the waterblasting. Several hypotheses yet to be tested are proposed to explain this. 
One is that the added texture of a brushed surface creates valleys that are not entirely filled by the paint 
surfaces, reminiscent of figure 1, which when impacted by the water allows for easy removal. In a similar 
vein, the peaks of the brushed surfaces may create stress concentrations, thereby requiring less force at 
these points to detach from the substrate.  
 Several other materials were employed as clear coat sublayers. One test compared the difference 
between a spray on polyurethane and a liquid polyurethane manufactured by the same company, as seen 
on specimen B10 (layers B and C, respectively). The images show that the liquid polyurethane provided 
better resistance to scarring, but was provided more contrast in color to the concrete. This may have also 
been a function of the layer thickness, as the spray application was inherently thinner. Epoxy, as seen on 
specimen B5, did little to prevent scarring on the concrete, but when blasted, the pieces came out in larger 
pieces that were easier to clean up. Tests were done to determine if different manufacturers could affect 
the plausibility of a polyurethane sublayer as a deterrent to scarring (compare specimen B10 layers B and 
D to specimen B9’s layers E and G, respectively). Results show that there are some differences between 
manufacturers in relation to the potential for scarring mitigation, but the effect is not complete as scarring 
occurs in all these instances. A concrete repair material manufactured by Roadware, Inc. was used as 
another alternative. A two-part liquid urethane, the material had a viscosity which upon visual inspection 
looked quite similar to that of water. This proved to be both an advantage and disadvantage. This material 
seemed to provide the best resistance to the scarring of the concrete. However, it is not as clear as the 
other materials and stands out when compared to the concrete color. The low viscosity of the material is 
potentially the explanation for improved protection of the surface, as it can penetrate through the pores 
and provide a better bond through both mechanical interlocking and adsorption. However, this low 
viscosity also makes the material more difficult to control during application. This urethane-based 
concrete mender material was the only one that completely inhibited scarring.  
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 Continued testing was executed to determine whether the addition of two clear coat layers under 
the paint would provide better results than the application of only one. This was based on the hypothesis 
that perhaps the bond between the two polymer sublayers may be less than that of the deepest layer and 
the concrete, thereby allowing for the failure to occur between these two layers and keep the concrete 
undamaged. This is provided in the photographs for specimens B11 to B18 in figures 4.6 to 4.13. Note 
that in these images, the first letter corresponds to the first applied layer and the second letter matches the 
subsequent top layer. It was found that the there was little difference in the amount of apparent scarring 
whether one clear coat sublayer or multiple ones were utilized. Some layers separated in larger pieces 
such as B15 A+C and B17 G+C, but as mentioned before, it is likely due to the increased thickness of 
these layers than actual material properties.  
 Table 4.1. summarizes the aforementioned data based upon visual inspection of the degree of 
paint removal and the degree of scarring. The degree of paint removal was given a number between 1 and 
5, with 1 having heavy resistance to paint removal and 5 being the easiest to remove. Degree of scarring 
was judged on a similar scale, though now 1 would indicate minimal scarring, 3 having some portions of 
aggregates discernable, and 5 having large portions of the coarse aggregate visible.  
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Table 4.1. Effectiveness of varying clearcoat sublayers on concrete substrates 
Beam Surface Texture Coating Materials 
Degree of 
Removal 
Degree of 
Scarring 
B1 Troweled with  P 4* 3 
   Grooving A/P 3* 3 
    B/P 4* 2 
B2 Troweled P 5 2 
    A/P 3 3 
    B/P 2 1 
B3 Brushed P 5 4 
    A/P 4 3 
    B/P 4 4 
B4 Brushed with P 5* 4 
  Grooving A/P 4* 2 
    B/P 4* 3 
B5 Brushed H/P 5 3 
    B/P 4 2 
B9 Brushed E/P 5 4 
    F/P 5 5 
    G/P 5 5 
B10 Brushed B/P 5 5 
    C/P 5 3 
    D/P 5 4 
B11 Brushed R/P 5 1 
    D/G/P 5 5 
    E/G/P 4 4 
B12 Brushed C/D/P 5 5 
    C/B/P 5 3 
    C/F/P 5 3 
B13 Brushed D/E/P 5 3 
    D/B/P 5 5 
    D/F/P 5 4 
B14 Brushed E/C/P 5 3 
    E/B/P 5 3 
    E/F/P 5 4 
B15 Brushed A/C/P 5 2 
    A/D/P 5 3 
    A/E/P 5 4 
B16 Brushed F/C/P 5 3 
    F/D/P 5 4 
    F/E/P 5 3 
B17 Brushed G/E/P 5 2 
    G/D/P 5 4 
    G/C/P 5 2 
B18 Brushed F/G/P 5 3 
    A/G/P 5 2 
    A/F/P 5 4 
*  Does not include the paint in the grooves, which could not be removed  
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4.2. Scanning Electron Microscopy 
 
 To better understand the cause for difference between different surface texturing on the ability to 
effectively remove the adhered paint, SEM was utilized as means to investigate the interface between the 
paint and concrete. The first objective in the SEM protocol would be to compare the appearance of the 
bonding sites between a smooth textured surface to that of the brushed specimens. Images were taken in 
backscattered electron imaging composition mode on specimens that were solely painted, that is 
specimens that received no clearcoat sublayer treatment. The other objective was to focus on the 
differences between the low viscosity urethane material and the other sublayer materials. As stated earlier, 
the urethane material supplied good resistance to scarring, whereas the other materials were not as 
effective in this pursuit. Therefore, an investigation into the underlying nature behind this result is 
essential to understand the viability of a successful coating sublayer. The polyurethane spray was used for 
comparison to the low-viscosity concrete repair material.  
The first material to be examined was that of a smooth, troweled surface texture with paint 
applied directly to the concrete substrate. As seen in figure 4.14, (a) demonstrates the presence of nearly 
continuous bonding sites. These sites have little separation distances and can create good adhesion due to 
the lack of voids present at the interface. When magnified, as in figure 4.14(b), there is further 
reinforcement that the paint-concrete interface is quite intimate.  
To compare the differences between surface textures, a brushed surface was subsequently studied, 
and images are shown in figures 4.15(a) and (b). It appears that there are small gaps between the paint and 
the concrete and that the interface is more visible. The voids seen at the interface may provide an empty 
layer that when the paint is impacted by a stream of water during waterblasting, it will allow the paint 
deflect, causing internal stresses within the polymer. This will create cracks in the paint and subsequent 
effort from the water jet will carry the flaked off portions away. The voids are likely caused by the surface 
tension inherent to the paint molecules. Without a protective layer, once the paint flakes off, any 
pressurized stream of water will impact the surface of the concrete, causing the undesired scarring.  
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(a)  
 
 
(b) 
Figure 4.14. SEM images of a painted concrete surface with a smooth, troweled finish 
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(a) 
 
(b) 
Figure 4.15. SEM images of a painted concrete surface with a brushed finish 
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 In the study, it was found that, of the materials tested, the urethane material provided the best 
resistance to scarring. To investigate further, these samples were analyzed using SEM as well. The images 
taken, such as those in figure 4.16, show that there is a region below the paint layer that appears darker in 
color. This is especially prominent in figure 4.16(b) which illustrates the depth to which the concrete 
mender material was able to penetrate. This material possesses a low viscosity which enables it to 
progress farther into the pore structure of the concrete, in this case about 10 µm. With deeper penetration, 
there is better adhesion since there are more bonding sites available onto which the urethane molecules 
can adhere. When the paint was then removed via the waterblaster, the added adhesive strength between 
the concrete and the urethane sublayer allowed for the paint to be removed while the sublayer remained 
intact. This protects the concrete surface from scarring, and subsequent paint layers may be added and 
removed without damaging the concrete substrate. This may help provide a longer lifespan for the 
pavement and minimize mistakes due to misinterpreted lines by drivers and pilots alike. The effectiveness 
in penetration of low viscosity urethane is contrasted by figures 4.17 (a) and (b) in which a polyurethane 
spray was used as the sublayer. In these figures, the polyurethane spray did not diffuse into the concrete, 
but instead appears that it merely set on the surface. When the polyurethanes were sprayed, they did not 
prevent the scarring of the concrete nearly as well as the concrete mender or even the liquid polyurethane. 
The sprayed-on materials were removed along with the paint rather than forming a protective barrier. The 
scarring result is substantiated by this idea that the penetration was essentially nonexistent, thereby 
consisting of fewer bonding sites and weaker bonding strength overall.  
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(a) 
 
(b) 
Figure 4.16. Use of low viscosity urethane as a sublayer to the painted surface 
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(a) 
 
(b) 
Figure 4.17. Use of a polyurethane spray as a clear coat sublayer
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5. CONCLUSIONS 
 
• Waterblasting is generally viewed by airport maintenance operators as the most attractive 
technology for markings removal due its production rate, cost effectiveness, low environmental 
impact, and minimized damage to grooved surfaces. Furthermore, it can be easily controlled to 
match field conditions. 
• The texture of substrates influences the bond between adherend and adherent. Smoother surfaces 
will provide greater adhesion due to more intimate contact. Textured surfaces have larger gaps at 
the interface which contribute to the increased ease of paint removal.  
• Using an under layer below the paint to minimize scarring is a viable option provided that there is 
good adhesion between the sublayer and the substrate, usually due to deep penetration of the 
adherent.  
• A low viscosity urethane for the sublayer performed best in this study because it exhibited 
superior adhesion to the concrete surface, and the paint-urethane bond was much weaker than the 
urethane-concrete bond. 
• Use of multiple sublayers proved ineffective as the costs far outweigh any benefits provided since 
scarring is still prevalent.
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Appendix A. Materials used on each individual beam.  
Beam Surface Texture Grooved? Section 1st coat 2nd coat 3rd coat 
B1 Troweled Y 1 P - - 
      2 A P - 
      3 B P - 
B2 Troweled N 1 P - - 
      2 A P - 
      3 B P - 
B3 Brushed N 1 P - - 
      2 A P - 
      3 B P - 
B4 Brushed Y 1 P - - 
      2 A P - 
      3 B P - 
B5 Brushed N 1 H P - 
      2 B P - 
      3 - - - 
B9 Brushed N 1 E P - 
      2 F P - 
      3 G P - 
B10 Brushed N 1 B P - 
      2 C P - 
      3 D P - 
B11 Brushed N 1 R P - 
      2 D G P 
      3 E G P 
B12 Brushed N 1 C D P 
      2 C B P 
      3 C F P 
B13 Brushed N 1 D E P 
      2 D B P 
      3 D F P 
B14 Brushed N 1 E C P 
      2 E B P 
      3 E F P 
B15 Brushed N 1 A C P 
      2 A D P 
      3 A E P 
B16 Brushed N 1 F C P 
      2 F D P 
      3 F E P 
B17 Brushed N 1 G E P 
      2 G D P 
      3 G C P 
B18 Brushed N 1 F G P 
      2 A G P 
      3 A F P 
  
